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A linked perceptual class consists of two distinct perceptual classes, A' and B', the members of which 
have become related to each other. For example, a linked perceptual class might be composed of many 
pictures of a woman (one perceptual class) and the sounds of that woman’s voice (the other perceptual 
class). In this case, any sound of the woman’s voice would occasion the selection of any picture of the 
woman and vice versa. In addition, after learning to name the woman in the presence of one picture, 
that name would be uttered when presented with all of the images of the woman’s face and all of the 
sounds of her voice. This study involved 15 participants and sought to (a) maximize the percentage of 
participants who formed linked perceptual classes, and (b) determine whether those classes acted as 
transfer networks, that is, whether the discriminative function of one class member would generalize to 
other members of the class and not to members of a different class. The rate of emergence of each 
linked perceptual class was maximized by establishing a single class-linking conditional relation between 
the clearest member of one class used as a sample stimulus and the most ambiguous member of the 
other class used as a comparison stimulus. Class formation was demonstrated using the serial and 
programmed presentation of A'-B' probes that consisted of untrained pairs of stimuli drawn from the 
A' and B' classes. Most participants showed immediate emergence of the two linked perceptual classes. 
The remaining participants showed delayed emergence following a second exposure to each originally 
error-producing probes. Once the linked perceptual classes had emerged, a differential response to a 
specific member of one perceptual class generalized mostly or completely to the other members of that 
linked class and rarely, if ever, to members of the other linked class. Thus, generalization did not 
depend on the specific class members that had been used for discrimination training. 

Key words: linked perceptual classes, generalized equivalence classes, response transfer, generaliza- 
tion, delayed and immediate emergence, function-transfer networks, keyboard responses, humans 


A linked perceptual class consists of two 
distinct perceptual classes where the members 
of one class occasion the selection of members 
of the other class (Fields & Reeve, 2000, 2001). 
A perceptual class consists of a range of stimuli 
that can be arrayed along a continuum, all of 
which evoke the same response or the mutual 
selection of each other (Fields & Reeve, 2000, 
2001). For example, a linked perceptual class 
might consist of one perceptual class contain- 
ing many pictures of a woman’s face taken 
from many angles and focal lengths, and 
another perceptual class contining the sound 
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of the woman’s voice while speaking, whisper- 
ing, shouting, singing, etc. The stimuli in both 
perceptual classes are acting as members of a 
single linked perceptual class if any of the 
sounds of the woman’s voice occasion the 
selection of any of the pictures of the woman 
and vice versa. In addition, after learning to 
name the woman in the presence of one of the 
pictures, that same name would be evoked by 
all of the pictures of the woman’s face in the 
first perceptual class and all of the sounds of 
her voice in the second. 

The formation of a linked perceptual class, 
then, is an example of the union of two 
perceptual classes to form a single class (Sid- 
man, 1994). This behavioral phenomenon has 
also be referred to as intersensory integration 
and cross-modal perception (Bahrick & Pick- 
ens, 1994). A second example involves the 
sounds of a predator such as leopards and the 
odors they emit. Were a prey animal to learn to 
flee when confronted with one of those sounds 
and generalize that same response to the 
odors, this might enhance the prey animal’s 
survival. Yet another example, this from the 
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field of medical diagnostics, would be the 
sensations produced by benign and malignant 
tumors when palpated (one perceptual class) 
and X-ray images that correspond to each class 
of tumor (the other perceptual class). The 
control of behavior by linked perceptual 
classes may be universal, at least in humans. 
Understanding how these classes are formed 
would strengthen a behavior-analytic account 
of the development of behavioral repertories 
that are based on the formation of complex 
stimulus classes (Critchfield & Fienup, 2008; 
Dymond & Rehfeldt, 2000; Hayes, Barnes- 
Holmes, & Roche, 2001; Leslie, 2002; Mackay 
& Fields, in press; Sidman, 1994, 2000; 
Tonneau, 2001). 

Thus far, only four published studies have 
considered linked perceptual classes either 
theoretically or empirically. Fields and Reeve 
(2001) described the relation of linked per- 
ceptual classes to perceptual classes, equiva- 
lence classes, and generalized equivalence 
classes, as well as intersensory integration and 
cross-modal perception. In a second study. 
Fields et al. (2002) described a testing proce- 
dure for tracking the emergence of a linked 
perceptual class. A subsequent study (Fields et 
ak, 2005) identified the effects of different 
testing procedures on the rate of emergence 
of a linked perceptual class. The fourth study 
identified the effects of variables used in the 
training procedure on the emergence of such 
classes (Fields et ah, 2007) . To date, no studies 
have identified a combination of training and 
testing procedures that optimizes the forma- 
tion of linked perceptual classes. This was the 
focus of the present experiment. 

Variables that Influence Class Formation 

Understanding the variables that influence 
the formation of linked perceptual classes 
requires use of the extensive set of terms set 
forth in Figure 1. The stimuli contained in two 
distinct perceptual classes can be represented 
by A' and B'. A linked perceptual class can be 
represented as A' = =B'. Three specific stimuli 
in each perceptual class are designated as the 
anchor, midpoint, and boundary stimuli. The 
anchor stimulus is the clearest (that is, least 
ambiguous) stimulus in a perceptual class. The 
boundary stimulus is the most ambiguous 
stimulus in the class, that is, it is the stimulus 
most distant from the anchor stimulus that 
always occasions the selection of all other 


A1’=B1’ A1b— Aim— Ala Bib— Bim— Bla 


A2’=B2’ A2b— A2m— A2a B2b— B2m— B2a 

Fig. 1. Two linked perceptual classes — AT-BT and 
A2'-B2' — are presented. Aa, Am and Ab represent the 
anchor, midpoint, and boundary stimuli, respectively, in 
perceptual class A', and Ba, Bm and Bb represent the 
anchor, midpoint, and boundary stimuli in perceptual 
class B'. The numerals 1 and 2 designate different 
perceptual classes, each of which occupies a different 
region of the A or B Domain. The arrows join the stimuli 
that are used as sample and comparison stimuli in the 
conditional discrimination task by which the two percep- 
tual classes were formed (see the procedure used in 
Phase 4). 


sdmuli in the same perceptual class in a 
matching-to-sample context (Gumming & Ber- 
ryman, 1965). The midpoint stimulus is 
perceptually equidistant from the anchor and 
boundary stimuli. In the A' class, the anchor, 
midpoint, and boundary stimuli are represent- 
ed symbolically as Aa, Am, and Ab, respective- 
ly. For the B' class, they are represented 
symbolically as Ba, Bm, and Bb. The opera- 
tions used to identify the anchor, midpoint, 
and boundary stimuli in a perceptual class will 
be described in the Method section. 

Figure 1 also illustrates how two linked 
perceptual classes can be formed. Assume the 
presence of four distinct perceptual classes: 
Al', A2', BT, and B2'. Two perceptual classes 
may become linked by establishing at least one 
conditional discrimination that involves a 
stimulus in one of the classes (e.g., AT) and 
a stimulus in another (e.g., BT). In this 
example, the conditional discrimination might 
consist of a sample that is the anchor stimulus 
of the Al' class (Ala) and a comparison that is 
the boundary stimulus of the B' class (Bib). At 
the same time, another conditional discrimi- 
nation could be established using the anchor 
stimulus of the A2' class (A2a) and the 
boundary stimulus of the B2' class (B2b). As 
previously indicated, these conditional dis- 
criminations would be established using a 
matching-to-sample format. For example, Ala 
or A2a would be presented as the sample 
stimulus with Bib and B2b as the pair of 
comparison stimuli. In this procedure the 
selection of Bib in the presence of Ala and 
B2b in the presence of A2a would be rein- 
forced. 
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The formation of a linked perceptual class 
can be studied by measuring performance in 
the presence of novel “cross-class” probes that 
are derived from the two perceptual classes 
used in conditional discrimination training. 
Each probe contains a new combination of the 
anchor, midpoint, and boundary stimuli from 
the A' and B' classes. From these two 
perceptual classes 18 cross-class probes are 
possible: Aa-Ba, Am-Ba, Ab-Ba, Aa-Bm, Am- 
Bm, Ab-Bm, Ab-Bb, Am-Bb, Ab-Bb, Ba-Aa, 
Bm-Aa, Bb-Aa, Ba-Am, Bm-Am, Bb-Am, Ba- 
Ab, Bm-Ab, and Bb-Ab. The actual set of 
cross-class probes would not include those 
used in the original discrimination training. 
The probes also are presented in a matching- 
to-sample format. The reliable formation of a 
linked perceptual class (A1' = =BT) would be 
demonstrated if most or all of the cross-class 
probes produced selection of the appropriate 
comparison stimulus when they were present- 
ed. The viability of this approach was demon- 
strated by Fields et al. (2002). 

The formation of linked perceptual classes 
consists of a training phase and a testing 
phase. Fields et al. (2005) examined the effect 
of variables in the training phase on the 
formation of linked perceptual classes while 
the training phase was held constant across 
different testing conditions. Specifically, two 
perceptual classes were linked by the estab- 
lishment of the two conditional discrimina- 
tions Aa^Ba and Ab^Bb. About 50% of the 
participants formed a linked perceptual class 
when the test block included several different 
probes, or when a succession of test blocks was 
presented in which each test block contained a 
different cross-class probe and the blocks were 
presented in a random order. By contrast, 88% 
of the participants formed linked perceptual 
classes when the test blocks contained the 
same probe in each block, and the blocks were 
presented in a sequence that minimized 
changes in the stimuli used in adjacent blocks. 
This arrangement was conceptually similar to 
the simple-to-complex protocol that optimizes 
the formation of equivalence classes (Adams, 
Fields, & Verhave, 1993). 

Fields et al. (2007) examined variables in 
the training phase on the formation of linked 
perceptual classes while the testing condition 
was held constant across different training 
conditions. About 70% of the participants 
formed linked perceptual classes after the 


two perceptual classes were linked by the 
establishment of two conditional discrimina- 
tions (Aa-^Ba and Ab^Bb, or Aa-n>Ba and 
Ab^Ba) or by the establishment of a single 
conditional discrimination (Aa^Bb). Many 
fewer participants formed linked perceptual 
classes when training involved other types of 
conditional discriminations (i.e., Aa^Ba, 
Ab^Bb, or Ab^Ba) . 

Fields et al. (2005) did not specify whether 
the effects of variations in the testing condi- 
tion were confined to the single training 
condition that was used in their experiment. 
Likewise, Fields et al. (2007) did not deter- 
mine whether the effects of variations in the 
training condition were limited to the single 
testing condition they used. The present 
experiment was designed to determine how 
the formation of linked perceptual classes is 
influenced when the training condition 
(Aa-^-Bb) that optimized the formation of 
linked perceptual classes in Fields et al. (2007) 
is combined with the optimal testing condition 
identified by Fields et al. (2005) . A comparison 
of the outcome of the present study with those 
of the two earlier studies might indicate 
whether the optimal training and testing 
conditions function additively or interactively. 

In earlier studies that tracked the formation 
of linked perceptual classes, immediate emer- 
gence was demonstrated when the at least 17 
of 18 serially presented cross-class probes used 
to document class formation produced class- 
indicative responding. If performances failed 
to meet that criterion, it was still possible for 
the linked perceptual class to emerge on a 
delayed basis. For some participants in the 
Fields et al. (2007) study, errors occurred to 
the cross-class probes presented early in the 
testing condition, though not to the probes 
presented later. However, the authors did not 
reexpose participants to the earlier probes to 
confirm that they, too, now produced correct 
responses. In the present experiment, the re- 
presentation of failed probes was used to 
confirm the delayed emergence of the linked 
perceptual classes. 

Generalization of the Discriminative Eunction in 
Linked Perceptual Classes 

Once a perceptual class has formed, it 
typically acts as a function-transfer network 
(Tonneau, 2001). For example, after a re- 
sponse reliably occurs to one class member, it 
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will reliably occur to the other class members 
but not to members of other perceptual 
classes. That is, the discriminative function 
acquired by one class member transfers or 
generalizes completely to the other members 
of the same perceptual class but not to those in 
different classes. Indeed, generalization (or 
function transfer) has been used to define a 
stimulus class (Goldiamond, 1962; Keller & 
Schoenfeld, 1950; Lea, 1984; Tonneau, 2001). 
The generalization or transfer of discrimina- 
tive function has been demonstrated among 
the members of perceptual classes (Cook & 
Katz, 1999; Wasserman, Kiedinger, & Bhatt, 

1988) , fuzzy or ill-defined classes (Rosch & 
Mends, 1975; Watanabe, 2001), polymorphous 
classes (Jitsumori, 1993, 1994; Lea & Harrison, 
1978), equivalence classes (Sidman & Cresson, 
1973; Sidman, Wynne, Maguire, & Barnes, 

1989) , functional classes (Wirth & Chase, 
2002), and generalized equivalence classes 
(Belanich & Fields, 1999, 2003). However, it 
has not yet been studied with linked percep- 
tual classes. 

The second focus of the present experiment 
was to determine whether the generalization 
of discriminative function established for one 
member of a linked perceptual class general- 
ized only to the other members of the same 
linked perceptual class but not to those in 
other linked perceptual classes. After the 
establishment of two linked perceptual classes, 
a single member of each was trained in a new 
conditional discrimination. Subsequently, a 
generalization test involving the new discrim- 
ination was conducted in which members of 
each linked perceptual class were presented in 
the absence of reinforcement. If responding 
occurred to the members of the same linked 
perceptual class but not to members of the 
other linked perceptual class, this finding 
would provide evidence that linked perceptual 
classes are also function-transfer networks. 

The study of generalization of discriminative 
function in linked perceptual classes is com- 
plicated by the fact that any stimulus in a 
linked perceptual class can be used as the 
sample stimulus for the response. Most studies 
of generalization of function have measured 
transfer from only one stimulus in a linked 
perceptual class. One exception was a study 
conducted by Belanich and Fields (2003), who 
measured generalization of discriminative 
function using several stimuli in a generalized 


Aa Discrimination Training 


A1 ’=B1 ’ A1 b— A1 m— A1 a ■» B1 b— B1 m— B1 a 

i 

3J-R 


A2’=B2’ A2b--A2m— A2a ■» B2b— B2m--B2a 

i 

7J-R 


Ba Discrimination Training 


A1 ’=B1 ’ At b— A1 m— A1 a B1 b— B1 m--B1 a 

4 

3J-R 


A2’=B2’ A2b--A2m— A2a ■» B2b— B2m--B2a 

1 

7J-R 

Fig. 2. In Aa discrimination training (upper figure) 
the S J and 7 J responses were trained to the Aa stimuli in 
linked perceptual classes 1 and 2, respectively. In Ba 
discrimination training (lower figure), 3 J and 7J respons- 
es were trained to the Ba stimuli in linked perceptual 
classes 1 and 2, respectively. 

equivalence class. They found generalization 
when the response was trained to one stimulus 
in the class but not when it was trained to more 
than one stimulus. Thus, it is possible that the 
generalization of discriminative function may 
vary according to the actual position of the 
stimulus to which a response is trained, that is, 
to its position within the linked perceptual 
class (Fields & Verhave, 1987). 

Figure 2 illustrates linked perceptual classes 
that differ in terms of the class member used 
for discrimination training. The anchor stim- 
uli in the A' classes (Ala and A2a) are directly 
linked to the boundary stimuli of the B classes 
(Bib and B2b, respectively) and thus are 
closest to the members of the B' classes. 
Conversely, the anchor stimuli of the B' classes 
(Bla and B2a) are furthest removed from the 
stimuli in the A' classes. In the present 
experiment, generalization among the stimuli 
within a linked perceptual class was evaluated 
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by training responses to the Aa stimulus (as 
illustrated in the upper portion of Figure 2) or 
the Ba stimuli (as illustrated in the lower 
portion of Figure 2) in different experimental 
groups. The results should indicate whether 
the generalization of the discriminative func- 
tion to the other stimuli in a given linked 
perceptual class depends on the location 
within the linked perceptual class of the 
specific stimulus used in training. 

METHOD 

Participants 

Twenty undergraduate students enrolled in 
a psychology course at Queens College served 
as the participants in the experiment. They 
received partial course credit upon its comple- 
tion. The experiment was completed in two or 
three 1-2 hr sessions. All participants read and 
acknowledged the Informed Consent State- 
ment given to them before the start of the 
experiment. 

Ten pairticipants were assigned randomly to 
each of two experimental groups. The data for 4 
participants had to be eliminated due to errors 
in programming. One participant dropped out 
of the experiment, leaving experimental groups 
with 8 and 7 participants, respectively. 

Apparatus 

Hardware and software. The experiment was 
conducted with an IBM-compatible computer 
that displayed all stimuli on a 15-in color 
monitor. Responses consisted of touching 
specific keys on a standard QWERTY keyboard. 
The experiment was controlled by custom 
software that programmed all stimulus presen- 
tations and recorded all keyboard responses. 

Stimuli. All stimuli were presented in 5-cm 
X 5-cm colored squares (without contrasting 
borders) against a black background on tbe 
computer monitor. Sets of related common 
English words were used for keyboard famil- 
iarization training. Figure 3 illustrates tbe 
stimuli from the four domains that were used 
for the preliminary training phase and the two 
domains that were used in the main phase of 
the experiment. The stimuli were presented as 
multicolored RGB 24-bit images. Domains W, 
X, Y, Z, A, and B were referred to otherwise as 
Female-Male, Abstract Pictures, Truck-Car, 
North Korea-Germany, Tree-Cat, and Haiti- 


California, respectively. The stimuli in the 
North Korea-Germany and Haiti-California 
domains were banded elevation satellite imag- 
es of 100 km X 100 km of the designated 
geographical regions. In these images, eleva- 
tion is represented by a color gradient. 

The stimuli that were the endpoints (an- 
chors) of each domain are depicted in rows 
_la and _2a in Figure 3. Stimuli that varied 
systematically between the endpoints of each 
domain were created with a commercially 
available morphing software program (Figura- 
cion, 1998). Called variants, these stimuli in a 
domain were produced by superimposing the 
endpoint stimuli and changing their relative 
saliencies. Each variant was assigned a unit 
value that indicated its relative position along a 
continuous program-generated dimension. 
For stimuli in Domains W, X, Y, Z, and B, 
the software assigned values 000 and 500 to the 
endpoint stimuli and generated 498 variants 
between these endpoints. The variants used in 
the experiment had unit values of 030, 070, 
100, 130, 170, 210, 250, 280, 310, 340, 370, 390, 
430, and 470. For stimuli in Domain A, the 
software assigned unit values of 00 and 50 to 
the endpoint stimuli, and also generated 49 
variants between these endpoints. The variants 
used in the experiment had unit values of 03, 
06, 09, 12, 15, 18, 21, 25, 28, 31, 34, 37, 40, 43, 
and 47. 

The endpoint stimuli in each domain were 
assigned the lowest and highest unit values, as 
already noted, and were designated as mem- 
bers of Perceptual Classes 1 and 2, respectively. 
Thus, the anchor stimuli in Classes 1 and 2 in 
Domain W were designated Wla and W2a. The 
anchor stimuli in Classes 1 and 2 for each 
domain are illustrated in the top and bottom 
rows of Figure 3. The variant most distant 
from the anchor stimulus of a class but still 
judged to be related to the anchor stimulus of 
that class was referred to as its boundary (b) 
stimulus (see below for details of the percep- 
tual judgment procedure). Thus, the bound- 
ary stimuli in Classes 1 and 2 in Domain W 
were designated as Wlb and W2b, respectively. 
The boundary stimuli for Classes 1 and 2 for 
each domain are illustrated in rows _lb and 
_2b in Figure 3. By definition, the anchor 
stimulus was perceived as the clearest in its 
perceptual class and the boundary stimulus as 
the most ambiguous member of the same 
class. The variant judged to be perceptually 
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Domain-B 



Fig. 3. The anchor, midpoint, boundary, and NEITHER stimuli used in the experiment. See text for details. 
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equidistant between the anchor and boundary 
stimuli within a class was referred to as its 
midpoint (m) stimulus. The midpoint stimuli 
in Classes 1 and 2 in Domain W were 
designated as Wlm and W2m, respectively. 
The midpoint stimuli for Classes 1 and 2 for 
each domain are illustrated in rows _1 m and 
_2 m in Figure 3. The variants between the 
boundaries of the two classes in a domain were 
not considered to be members of either class. 
The variant judged to be perceptually equidis- 
tant between the boundaries of the two classes 
in a domain was called the neither (_n) 
stimulus for the domain (Adams, et al., 1993; 
Fields, Adams, Brown, & Verhave, 1993). For 
Domain W, the neither stimulus was designat- 
ed as Wn and appears for each domain in row 
_n in Figure 3. 

The unit values assigned to the variants used 
as midpoint, boundary, and neither stimuli in 
Domains W through Z were defined by a 
group of five independent observers using a 
bisection procedure. For a given domain, an 
observer was shown the anchor stimulus for 
Class 1, and then was asked to sort through the 
remaining variants and select the variant that 
was most distant from the anchor but was still 
related to it. The unit value of the variant 
selected was then designated as the boundary 
stimulus for Class 1. Each observer was tben 
shown the anchor and boundary stimuli of 
Class 1, was asked to sort through the variants 
between them, and then to select the variant 
that was perceptually equidistant from each. 
The unit value of that variant became tbe 
midpoint stimulus of Class 1. After doing tbe 
same for Class 2, the observer was presented 
with boundary stimuli from Classes 1 and 2 
and asked to sort through the variants between 
the boundaries and select the variant that was 
equidistant from each. The unit value of that 
variant became tbe neither stimulus for that 
domain. The unit values selected by the 
observers were averaged for each midpoint 
and each boundary stimulus for each class and 
domain and for the neither stimulus in a 
domain. The stimuli associated with the 
resultant means are illustrated in rows _1 m 
through _2 m for Domains W, X, Y, and Z in 
Figure 3. The variants that approximated the 
midpoints, boundaries, and neither stimuli in 
Domains A and B. were based on performanc- 
es in Phase 3 of the experiment (see below) 
and thus could vary with each participant. 


Those that appear in the figure are represen- 
tative. 

Procedure 

Trial formats. The experiment was conduct- 
ed with trials presented in a matching-to- 
sample format (Cumming & Berryman, 1965) 
during some phases and in a simple successive 
discrimination format during other phases. 
The matching-to-sample format used in Phases 
1, 2, 3, 4, 5, and 8 involved the presentation of 
a sample stimulus and three comparison 
stimuli. The sample was presented in the 
upper portion of the monitor screen and was 
centered horizontally. The positive and nega- 
tive comparisons were presented below the 
sample and to the left and right of the sample 
with the upper edges of the comparisons 
below tbe lower edge of the sample. The right 
edge of the left comparison was to the left of 
the left edge of the sample, and the left edge 
of the right comparison was to the right of the 
right edge of the sample. On any trial, the 
location of each comparison stimulus in the 
two comparison positions was determined 
randomly. 

The sample was drawn from one of two sets 
of stimuli. One comparison was drawn from 
the same set as the sample on that trial and was 
called the positive comparison (Co-t). The 
other comparison was drawn from the other 
set and was called the negative comparison 
(Co — ). On some trials, a third comparison was 
also displayed on the computer monitor. 
Called the NEITHER comparison and repre- 
sented symbolically as NC, it was included in a 
trial by displaying the phrase “If NEITHER 
press 4”. That phrase was located between and 
below the Co-l- and Co— stimuli. The selection 
of the NC implied that neither of the other 
two comparisons was related to the sample on 
that trial. It is important to note that the 
NEITHER comparison was not the same as the 
neither stimulus (— n) in a domain that was 
described previously. 

A trial began wben “Press ENTER” ap- 
peared on tbe screen. Pressing the ENTER key 
cleared the screen and displayed a sample. 
Pressing the space bar displayed two compar- 
isons while the sample remained on the 
screen. During a trial, the Co-t or Co — 
stimulus was selected by pressing the 1 key 
for the comparison presented on the left and 
the 2 key for the comparison presented on the 
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right. The selection of a comparison cleared 
the screen and immediately displayed a feed- 
hack message centered on the screen. When 
informative feedback was scheduled, a 
“RIGHT” or “WRONG” message appeared, 
depending on the accuracy of the comparison 
selection. The message remained on the 
screen until the participant pressed the R key 
for “RIGHT” or the W key for “WRONG”. 

During some training and all testing trials, 
uninformative feedback was presented following 
a comparison selection. This consisted of a 
dashed line on both sides of the letter E (i.e., 
- - E - -) and signaled the end of a trial. This cue 
remained on the screen until the participant 
pressed the E key, which served as an 
observing response to the uninformative feed- 
back stimulus. After the observing response 
occurred, the screen was cleared, and the next 
trial began (cf. Eields et ak, 1997) . 

Prior to using the uninformative feedback 
stimulus, participants were taught the mean- 
ing of the E stimulus with a block of 
conditional discrimination training trials that 
involved the presentation of E, R, or W as 
sample stimuli and the comparison stimuli 
RIGHT, WRONG, and End of Trial in combi- 
nations of two. Reinforcement was presented 
for the selection of RIGHT in the presence of 
R, WRONG, in the presence of W, and End of 
Trial in the presence of - - E - -. 

The simple successive discrimination format 
used in Phases 6 and 7 of the experiment 
involved the presentation of single stimuli 
from each class in succession. Each stimulus 
presentation is called a trial. To terminate a 
trial, the participant had to emit an FR-3 
response or an FR-7 response. The FR-3 
response involved pressing the J key three 
times, followed by pressing the ENTER key. 
The FR-7 response involved pressing the J-key 
seven times followed by the ENTER key. The 
term “response” is appended to each FR 
designation because each string of N presses 
of the J-key followed by the pressing of the 
ENTER key explicitly defines the termination 
of the homogeneous chain of presses of the J- 
key (Mechner, 1994). 

Trial blocks and feedback frequency. Each 
phase of the experiment consisted of blocks 
of trials. In all phases, the trials in a block were 
presented in a randomized order without 
replacement. At the start of training, a block 
was presented repeatedly with informative 


feedback after each comparison selection until 
all trials within the block produced the correct 
responding. This was referred to as the 
mastery criterion. Thereafter, the percentage 
of trials in a block that produced informative 
feedback was reduced to 75%, 25%, and finally 
to 0% as long as the mastery criterion was 
maintained. During the reduction in feedback, 
trials that produced informative feedback were 
randomly determined. Each block ended with 
the presentation of an on-screen message that 
read, “Press ENTER to begin the next block.” 
If 100% correct responding was not achieved 
within three blocks at a given feedback level 
during training, the participant was returned 
to the previous feedback level during the next 
block. In practice, this was a very infrequent 
occurrence. 

Phase I: Instructions and keyboard familiariza- 
tion. Prior to the experiment, participants 
read the following set of instructions on the 
monitor screen: 

“Thank you for volunteering to participate in 
this experiment. PLEASE DO NOT TOUCH 
ANY OF THE KE\« ON THE KEYBOARD 
YET! In this experiment you will he presented 
with many trials. Each trial contains three or 
four CUES. These will he familiar and unfa- 
miliar picture images. YOUR TASK IS TO 
DISCOVER HOW TO RESPOND CORRECT- 
LY TO THE CUES. Initially, there will also be 
INSTRUCTIONS that tell you how to respond 
to the cues, and LABELS that will help you to 
identify the cues on the screen. The labels and 
the instructions that tell you which KEYS to 
press will slowly disappear. Your task will be to 
RESPOND CORRECTLY to the CUES and the 
INSTRUCTIONS by pressing certain keys on 
the computer’s keyboard. The experiment is 
conducted in phases. When each phase ends, 
the screen will sometimes tell you how you did. 

If you want to take a break at any time, please 
call the experimenter.” 

All of the labels and instruction prompts 
alluded to in the instructions were presented 
on the screen and were deleted serially across 
trials. After pressing the space bar, (as prompt- 
ed by an on-screen message) participants were 
trained to emit the appropriate keyboard 
responses to complete a trial. Sixteen trials, 
each containing three English words, such as 
KING, QUEEN, and GAMEL, were presented. 
The semantic relation between the sample 
word (e.g., KING) and one of the comparisons 
(e.g., QUEEN) was used to prompt the 
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selection of the correct comparison. The 
words RIGHT or WRONG, which were used 
as informative feedback, followed each com- 
parison selection (for additional details, see 
Fields et al., 1997). 

Gorrect responding during Phase 1 was also 
facilitated by instruction prompts (e.g., “Make 
your choice by pressing 1 or 2” or “Press the E 
key”) that were deleted in a serial manner 
across trials (see Fields, Adams, Verhave, & 
Newman, 1990, and Fields et al., 1997, for 
further details). Phase 1 ended when the 
stimuli were presented without prompts and 
when performance was at least 88% accurate 
(14 of 16 correct trials) during a single block. 
In the remaining phases, whenever a partici- 
pant pressed a nonexperimentally defined key 
during a trial, the instruction prompt that 
accompanied the appropriate key press during 
Keyboard Familiarization reappeared on the 
screen during the next three trials. 

Phase 2: Pormation of perceptual classes in 
domains W-Z. Training began with stimuli in 
Domain W. The anchor, midpoint, or boundary 
stimulus from Glasses 1 and 2 or the NEITHER 
stimulus were presented as the sample in 
randomized order across trials in the training 
block. On all trials, the comparisons consisted 
of the anchor stimulus and the NEITHER 
stimulus from the domain. Informative feed- 
back “RIGHT” was presented for the selection 
of Wla when Wla, Wlm, or Wlb was the 
sample stimulus, for the selection ofW2a when 
W2a, W2m, or W2b was the sample stimulus, 
and for the selection of the NEITHER compar- 
ison when Wn, the NEITHER stimulus, was the 
sample. Otherwise, “WRONG” was presented. 
The same block was repeated until the correct 
response occurred on all trials. The same 
procedure was then repeated with the stimuli 
in Domains X, Y, and Z. The final performances 
in each domain demonstrated that the three 
stimuli in each perceptual class within the 
domain produced the selection of the anchor 
stimulus from the same class, and the NEI- 
THER stimulus produced the selection of the 
NEITHER comparison (NG), a phrase that was 
not from either class. In other words, the 
training procedure resulted in the formation 
of two functionally independent perceptual 
classes (Reeve & Fields, 2001) in each of the 
four domains. 

Phase 3: Pormation of perceptual classes in 
domains A and B. As mentioned in the 


Introduction, the stimuli from perceptual 
classes A' and B' were used as samples and 
comparisons in the cross-class probes that were 
used to document the formation of linked 
perceptual classes. Fields, Matneja, Varelas, 
and Belanich (2003) showed that the unit 
values of the midpoint and boundary stimuli 
of a perceptual class can differ depending on 
whether they serve as sample or comparison 
stimuli. In the present experiment, the unit 
values of the midpoint and boundary stimuli 
from domains A and B that were used as 
samples were established by generalization 
tests conducted with the variant-to-base proce- 
dure and the base-to-variant procedure. 

During the variant-to-base procedure, the 
endpoints and variants in a domain (e.g., 
SAT-0 through SAT-500 for domain A) were 
presented as samples on different trials. In 
addition, the anchor stimuli from that domain 
(e.g., SAT-0 and SAT-500) and the NEITHER 
comparison were always presented as the three 
comparisons on all trials. Variants at one end 
of the domain were considered to be members 
of the same perceptual class if each of them 
produced the selection of the anchor-stimulus 
comparison at the same end of the domain on 
at least 88% of the test trials. The boundary 
stimulus for that class was the variant farthest 
away from the anchor stimulus. The midpoint 
stimulus for a class was the variant that was 
numerically equidistant in value between the 
anchor and the boundary stimulus for the 
class. Thus, the results of the variant-to-base 
procedure established the unit values for the 
midpoint and boundary stimuli that were used 
subsequently as samples. 

In the base-to-variant test format, one of the 
anchor stimuli (i.e., SAT-0 or SAT-500 for 
Domain B) was presented as the sample on a 
trial. For each sample, the other anchor 
stimulus and the NEITHER comparison were 
presented as two of the three comparisons on 
all trials. The third comparison on each trial 
was one of the variants. Variants differed 
across trials on a random basis. The members 
of a perceptual class were the variants that 
were selected in the presence of the anchor 
stimulus on at least 88% of the test trials. The 
boundary stimulus for that class was the variant 
most removed from the anchor stimulus. The 
midpoint stimulus for a class was the variant 
that was numerically equidistant in value 
between the anchor and the boundary stimuli 
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for a class. Thus, the results of the base-to- 
variant procedure established the unit values 
for the midpoint and boundary stimuli that 
were used subsequently as comparisons. 

The variant-to-base and base-to-variant pro- 
cedures alternated in separate blocks of trials, 
each of which included two presentations of all 
variants. Each block was presented four times 
using each procedure for a total of eight 
presentations of each variant. Participants were 
presented first with the eight test blocks that 
contained stimuli in the A domain and then 
with eight blocks that contained stimuli from 
the B domain. At the end of Phase 3 the four 
perceptual classes identified by the two proce- 
dures were designated AT, A2', BT, and B2'. 

Two dependent variables were measured 
during the variant-to-base tests and the base- 
to-variant tests: comparison selection on all 
trials, and the time that separated the presen- 
tation and selection of a comparison on each 
trial. Each temporal measure was used to 
determine the response time for each trial 
and was defined as the reciprocal of the above 
mentioned temporal value. 

Phase 4: Linked perceptual class formation. Per- 
ceptual classes AT and BT and perceptual 
classes A2' and B2' each were linked by the 
establishment of the Ala-Blb and A2a-B2b 
conditional discriminations shown in the upper 
portion of Eigure 2. This Aa-^Bb training 
condition was used because it was previously 
shown to be the necessary and sufficient 
condition for the reliable formation of linked 
perceptual classes (fields et ak, 2007). The Aa- 
Bb links were established using trials in which 
the sample was either Ala or A2a, and the 
comparisons were always the pair of stimuli Bib 
and B2b. For example, when A2a was the 
sample, selection of B2b produced “RIGHT' 
on the computer screen. The selection of Bib 
produced “WRONG.” The block of trials was 
repeated with informative feedback on all trials 
until there was 100% accuracy. Thereafter, the 
percentage of trials in a block that occasioned 
feedback was systematically reduced as de- 
scribed above as long as performances re- 
mained 100% accurate. If the mastery criterion 
was not achieved by the completion of three 
blocks at a given level of feedback, the 
percentage of feedback was returned to its 
prior level. 

The formation of linked perceptual classes 
was identified using novel cross-class probes 


and the 18/TPRGM testing procedure de- 
scribed by Fields et al. (2005). Briefly, this 
testing procedure involved the presentation of 
cross-class probes in a serial and highly 
programmed order. They showed that the 
procedure substantially increased the percent- 
age of participants who formed linked per- 
ceptual classes. The 18/TPRGM procedure 
involved the presentation of one probe-type 
per test block. The probe types were intro- 
duced in the following order: Aa-Ba, Am-Ba, 
Ab-Ba, Aa-Bm, Am-Bm, Ab-Bm, Aa-Bb, Am- 
Bb, Ab-Bb, Ba-Aa, Bm-Aa, Bb-Aa, Ba-Am, 
Bm-Am, Bb-Am, Ba-Ab, Bm-Ab, and Bb-Ab. 
Specifically, the first nine test blocks were in 
the A'-B' format and the second nine in the 
B'-A' format. The anchor, midpoint, and 
boundary stimuli from the AT and A2' classes 
served as samples in the first, second, and 
third test blocks, respectively. All three of 
these blocks contained the anchor stimuli 
from the BT and B2' classes as the compar- 
isons. The anchor, midpoint, and boundary 
stimuli from the AT and A2' classes served as 
samples, while the midpoint stimuli from the 
BT and B2' classes served as comparison 
stimuli in test blocks 4-6. Finally, the anchor, 
midpoint, and boundary stimuli from the Al ' 
and A2' classes were again the samples in test 
blocks 7-9, respectively, and the boundary 
stimuli from the BT and B2' classes served as 
the comparisons. The entire sequence was 
repeated during test blocks 10-18, with the A' 
and B' stimuli reversed as samples and 
comparisons. 

The probe stimuli presented in test blocks 
1-18 are listed in Table 1. For example, the 
Am-Bb probes in block 8 contained Aim or 
A2m as samples with Bib and B2b as the 
comparisons on all trials in addition to the 
NEITHER comparison. When Ala was the 
sample, a response to the Bib comparison 
stimulus was indicative of the emergence of 
one relation in a linked perceptual class, but a 
response to the B2b comparison was counter- 
indicative. Each probe was presented in a 
block of eight trials. Responding indicative of 
class formation required the selection of the 
comparison from the same class as the sample 
on at least seven of the eight trials in the block. 
This was the mastery criterion. A linked 
perceptual class was assumed to be formed 
when this criterion was satisfied for at least 17 
of the 18 cross-class probes. 
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Table 1 


Probe stimuli used to identify the acquisition of linked perceptual classes in Phase 4. 


Test Block 



Class 1 Probes 



Class 2 Probes 


Probe Type/ Block 

Sa 

Co+ 

Co- 

Co— 

Sa 

Co+ 

Co- 

Co— 

1. 

Aa-^Ba 

Ala 

Bla 

B2a 

NC 

A2a 

B2a 

Bla 

NC 

2. 

Am^Ba 

Aim 

Bla 

B2a 

NC 

A2m 

B2a 

Bla 

NC 

3. 

Ab^Ba 

Alb 

Bla 

B2a 

NC 

A2b 

B2a 

Bla 

NC 

4. 

Aa-^Bm 

Ala 

Blm 

B2m 

NC 

A2a 

B2m 

Blm 

NC 

5. 

Am^Bm 

Aim 

Blm 

B2m 

NC 

A2m 

B2m 

Blm 

NC 

6. 

Ab^Bm 

Alb 

Blm 

B2m 

NC 

A2b 

B2m 

Blm 

NC 

7. 

Aa-^Bb 

Ala 

Bib 

B2b 

NC 

A2a 

B2b 

Bib 

NC 

8. 

Am^Bb 

Aim 

Bib 

B2b 

NC 

A2m 

B2b 

Bib 

NC 

9. 

Ab^Bb 

Alb 

Bib 

B2b 

NC 

A2b 

B2b 

Bib 

NC 

10. 

Ba^Aa 

Bla 

Ala 

A2a 

NC 

B2a 

A2a 

Ala 

NC 

11. 

Bm^Aa 

Blm 

Ala 

A2a 

NC 

B2m 

A2a 

Ala 

NC 

12. 

Bb^Aa 

Bib 

Ala 

A2a 

NC 

B2b 

A2a 

Ala 

NC 

1.3. 

Ba^Am 

Bla 

Aim 

A2m 

NC 

B2a 

A2m 

Aim 

NC 

14. 

Bm^Am 

Blm 

Aim 

A2m 

NC 

B2m 

A2m 

Aim 

NC 

15. 

Bb^Am 

Bib 

Aim 

A2m 

NC 

B2b 

A2m 

Aim 

NC 

16. 

Ba-^Ab 

Bla 

Alb 

A2b 

NC 

B2a 

A2b 

Alb 

NC 

17. 

Bm^Ab 

Blm 

Alb 

A2b 

NC 

B2m 

A2b 

Alb 

NC 

18. 

Bb^Ab 

Bib 

Alb 

A2b 

NC 

B2b 

A2b 

Alb 

NC 

Note. Sa = 

sample stimulus. NC = 

NEITHER 

comparison. 

Letters a, 

m, and b 

= anchor, midpoint, and boundary 


stimuli, respectively. 


Phase 5: Reexposure to cross-class probes. If a 
probe did not meet the mastery criterion in 
Phase 4, it was presented again in Phase 5. If at 
least 17 of the 18 probes presented in Phases 4 
and 5 satisfied tbe mastery criterion, we 
considered tbe A' and B' classes to have 
become members of a single linked perceptual 
class. At this point, participants whose perfor- 
mance had documented the emergence of a 
linked perceptual class were introduced to 
Phase 6 of the experiment. Those whose 
performance failed to produce a linked 
perceptual class were excused from the exper- 
iment. 

Phase 6: Discrimination training. As previ- 
ously mentioned, the participants were ran- 
domly assigned to two experimental groups. 
Groups Aa and Ba contained 7 and 8 
participants, respectively. Discrimination train- 
ing was preceded with the presentation of the 
following instructions: “In the next phase of 
the experiment you will be presented with two 
cues in a random order. During one cue the 
correct response involves pressing the J-key 
three times followed by pressing the enter key. 
During the other cue, the correct response 
involves pressing the J-key seven times followed 
by pressing tbe enter key. Your task is to 


discover and make the correct response to 
each cue. “ 

Discrimination training was then conducted 
using a successive discrimination format that 
involved the random presentation of two 
stimuli without replacement. For Group Aa, 
the two stimuli were the anchor stimuli in the 
two A classes (Ala and A2a; see Table 2). For 
Group Ba, the two stimuli were the anchor 
stimuli in the two B classes (Bla and B2a). 
Training was conducted in blocks of trials, with 
half of the trials containing the stimulus from 
Linked Perceptual Class 1 and the other half 
containing the stimulus from Linked Percep- 
tual Class 2. When stimulus Ala was presented, 
for example, the feedback word “RIGHT' was 
displayed after making an FR-3 response. In 
contrast, the feedback word “WRONG” was 
displayed for making any other response. 
When stimulus A2a was presented, the feed- 
back word “RLGHT’ appeared after the 
participant made an FR-7 response. “WRONG” 
was displayed for making any other response. 
Feedback occurred on all trials throughout 
training until the participant responded with 
100% accuracy on all trials in a block. This 
constituted the mastery criterion. Once it was 
reached, feedback was provided on 75%, then 
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Table 2 

Boundaries of perceptual classes Al', A2', BT, and B2' measured with variant-to-base (VB) and 
base-to-variant (BV) tests for participants in each group. 


Condition 

Participant 

Al' 

A2' 

Bl' 

B2' 

VB 

BV 

VB 

BV 

VB 

BV 

VB 

BV 

Aa 

289.5 

15 

25 

34 

40 

170 

1.30 

.310 

370 


2887 

12 

9 

43 

43 

130 

1.30 

.340 

340 


2893 

15 

15 

40 

34 

1.30 

170 

340 

370 


2896 

15 

15 

40 

40 

170 

170 

.310 

310 


2891 

15 

12 

40 

43 

100 

100 

.310 

340 


2892 

21 

21 

34 

28 

1.30 

210 

340 

340 


2885 

12 

18 

37 

34 

170 

250 

.310 

280 

Ba 

2898 

12 

15 

40 

37 

170 

170 

.340 

340 


2900 

9 

9 

43 

43 

70 

70 

310 

310 


2901 

18 

37 

40 

25 

170 

170 

310 

280 


2912 

12 

9 

40 

40 

170 

1.30 

.340 

340 


2914 

15 

15 

34 

40 

100 

130 

430 

370 


2913 

25 

25 

34 

34 

210 

170 

340 

310 


2911 

12 

15 

34 

40 

210 

170 

280 

370 


2897 

21 

21 

34 

34 

170 

210 

340 

340 


25%, and finally 0% of the trials in a block as 
long as 100% accuracy was maintained. If 
accuracy dropped below 100% in two succes- 
sive blocks, participants were exposed to a 
block that used the next higher feedback level. 

Phase 7; Generalization test. A generalization 
test was conducted to determine the extent to 
which the stimuli in one linked perceptual 
class (e.g. Al'-Bl') would generalize within 
the class but not to the other class (A2'-B2')- 
The generalization test also utilized a succes- 
sive procedure. The test was conducted in 
blocks of 12 trials. Each block contained 12 
stimuli: the anchor, midpoint, and boundary 
stimuli from each of the two linked perceptual 
classes. The stimuli were presented in a 
randomized sequence without replacement 
and with extinction in effect, that is, there 
was no feedback. The block was repeated eight 
times. Thus, each stimulus was presented eight 
times. If most of the stimuli in a linked 
perceptual class produced the same response 
that had been trained in Phase 6, and that 
response was not produced by stimuli from the 
other linked perceptual class, then the former 
class was identified as a function-transfer 
network. 

Phase 8: Maintenance test for linked percep- 
tual classes. The purpose of the final phase 
was to evaluate the integrity of the linked 
perceptual classes after the generalization test, 
and was a replication of the testing procedure 
used in Phase 4. 


RESULTS 

Perceptual Class Formation 

Contiguous stimuli along a continuum 
function as a perceptual class when they 
produce the same response in the absence of 
direct training, while other stimuli along that 
continuum do not produce that response. The 
stimuli included in the Al', A2', BT, and B2' 
classes were identified using the results from 
Phase 3 of the experiment. The data from 
Participant 2897 for the BT and B2' classes 
were representative of those for all the 
participants and are shown in figure 4. 

With the variant-to-base procedure the 
widths of perceptual classes were identified 
with the data presented in the three panels in 
the left-hand column. As seen in the top panel, 
the anchor stimulus in the B2' class (SAT-500) 
was selected on at least 88% of trials in the 
presence of variants SAT-340 through SAT- 
500. Thus, those variants functioned as mem- 
bers of the B2' class, and SAT-340 was the 
boundary stimulus. A similar pattern was 
occasioned by the variants at the other end 
of Domain B, which were used to define 
membership in the BT class. As seen in the 
bottom panel, the anchor stimulus in the BT 
class (SAT-0) was selected on at least 88% of 
trials in the presence of variants SAT-0 
through SAT-170. Thus, those variants were 
considered members of the BT class with SAT- 
170 as its boundary. 
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Fig. 4. The results of the variant-to-base and base-to-variant tests for Participant 2897 in Phase 3 of Experiment 1. See 
text for details. 


When the hase-to-variant procedure was 
used, the width of the Bl' class was identified 
using the data presented in the panels in the 
center column. During these tests, each trial 
involved the presentation of SAT-0 as the 
sample, with a different variant as one com- 
parison and SAT-500 and NC as the other 
comparisons. The bottom panel shows that the 
variants from SAT-0 to SAT-210 were selected 
on at least 88% of trials in the presence of 
SAT-0, the anchor stimulus in the BT class. 
Thus, those variants functioned as members of 
the Bl' class with SAT-210 as its boundary. 

The width of the B2' class was identified 
using the data presented in the panels in the 
right-hand column. During this test, each trial 
involved the presentation of SAT-500 as the 
sample, with the three comparison stimuli: a 


different variant as one comparison, SAT-0 as 
the second comparison, and finally the NEI- 
THER comparison. The top panel shows that 
the variants from SAT-500 to SAT-340 were 
selected on at least 88% of trials in the 
presence of SAT-500. Thus, those variants were 
members of the B2' class with SAT-340 as its 
boundary. 

Eunctional independence of perceptual classes. It 
could be argued that only one perceptual class 
was formed in each of the A and B domains 
and that the second class was actually all the 
other stimuli that were not members of the 
first class. Whether one or two classes had 
formed can be determined by examining the 
responses to stimuli beyond the boundary 
stimuli in the two putative classes. The 
existence of two classes would be confirmed 
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if the decline in the selection of stimuli in one 
was not complemented by the selection of 
stimuli from the other class. 

Figure 4 shows responses to the compari- 
sons that lay beyond the boundary of a class. 
When variant-to-base tests were conducted 
(see left panel) as the variants moved below 
the boundary of the B2' class (SAT-340), the 
selection of SAT-500 declined precipitously 
(top graph) and was accompanied by an 
increase in the selection of the NEITHER 
comparison (middle graph) at that point. In 
contrast, there was no selection of the SAT-0 
comparison until SAT-250 (bottom graph). 

When the base-to-variant procedure was 
used with SAT-0 as the sample (see middle 
panel), the selection of variants greater than 
SAT-170 (see bottom graph) was accompanied 
by an increase in the selection of the NEI- 
THER comparison (middle graph) but no 
selection of SAT-500 (top graph). When SAT- 
500 was the sample (right panel), a rapid 
decline in the selection of variants less than 
SAT-340 (top graph) was accompanied by an 
increase in the selection of the NEITHER 
comparison (middle graph) and no selection 
of SAT-0 (bottom graph). 

Overall, the decreases in the selection of 
stimuli from one class was accompanied by a 
concurrent increase in the selection of the 
NEITHER comparison rather than an increase 
in the selection of variants from the other end 
of the domain. This finding supports the view 
that the perceptual classes that formed were 
functionally independent of each other. 

Boundary stimuli of perceptual classes. The 
width of a perceptual class was defined by the 
difference in the values of its anchor and 
boundary stimuli. Since the values of the 
anchor stimuli were fixed, the width of each 
class effectively was indexed by the values of 
the boundary stimuli. The values obtained 
from the variant-to-base and base-to-variant 
procedures for each perceptual class and each 
participant are listed in Table 2. For Domain 

A, which had endpoint values of 0 and 50 
units, the boundary stimuli of the Al' and A2' 
classes averaged 16 and 38 units, respectively, 
with an average width of 22 units. For Domain 

B, which had endpoint values of 0 and 500 
units, the boundary stimuli of the Bl' and B2' 
classes averaged 155 and 332 units, respective- 
ly, and had an average width of 177 units. 


Discriminability of stimuli in perceptual clas- 
ses. To claim that stimuli are members of a 
perceptual class, some behavior must general- 
ize between them, and some members must 
also be discriminable from each other (Fields 
et al., 2002; Fields & Reeve, 2001; Keller & 
Schoenfeld, 1950; Lashley & Wade, 1946; Lea, 
1984; Wasserman et al., 1988). Stimuli are 
discriminable if they occasion different re- 
sponses, the same response with different 
likelihoods (Belanich & Fields, 2003; Reeve & 
Fields, 2001), different reaction times (Bentall, 
Jones, & Dickins, 1999; Blough, 1978; Flynn, 
1943), or different response speeds (Fields et 
al., 2002; Fields et al., 2005; Spencer & Chase, 
1996). Response speed is the reciprocal of the 
time between the responses to the sample and 
the comparison on a trial. 

In the present experiment, discriminability 
within the Al', A2', Bl', and B2' perceptual 
classes was assessed in terms of the response 
speeds to the anchor, midpoint, and boundary 
stimuli during the generalization tests in Phase 
3. The data were aggregated across partici- 
pants, domains, classes, and test type because 
these variables did not produce systematic 
differences in the response speeds evoked by 
particular stimuli in a class. Average response 
speed was fastest for the anchor stimuli (1.0 s), 
slower for the midpoint stimuli (0.88 s), and 
slowest for the boundary stimuli (0.56 s) . Since 
response speed is the reciprocal of latency, 
shorter latencies correspond to higher re- 
sponse speeds. The response speeds were 
significantly different from each other, F{2) 
= 73.11, p < .0001. Newman-Keuls post hoc 
tests of pairwise comparisons showed signifi- 
cant differences in the response speeds for the 
anchor and midpoint, q = 5.393, p < .001, 
midpoint and boundary, q = 11.36, p < .001, 
and anchor and boundary stimuli, q = 16.75, p 
< .001. 

Immediate and Delayed Emergence of Linked 
Perceptual Classes 

The procedures used to establish linked 
perceptual classes were the same for all 
participants. Data showing the immediate 
emergence of linked perceptual classes are 
summarized in Figures 5 and 6, while data 
showing the delayed emergence of linked 
perceptual classes are presented in Figures 7 
and 8. 
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Cross-Class Probes 

Fig. 5. Results from Phase 4 that indicate the formation of linked perceptual classes. The data in each row are for 
individual participants. The panels in the left and right columns correspond to linked perceptual classes 1 and 2, 
respectively. In each panel, the cross-class probes are listed from left to right in their order of presentation. The particular 
stimuli used as samples and comparisons in each probe are detailed in Phase 4 of the Method section. 
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Fig. 6. Results for more of the participants in Phase 4 who formed linked perceptual classes. See Figure 5 
more information. 
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Fig. 7. Results for participants who showed the delayed emergence of linked perceptual classes. The data for each 
participant are presented in pairs of rows. For each participant, the panels in the top row present the results from Phase 4 
(initial exposure to the cross-class probes), and the panels in the bottom row present the data from Phase 5 (reexposure 
to the failed probes). 
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Fig. 8. Results for 2 more participants who showed the delayed emergence of linked perceptual classes. See Figure 7 
for more information. 


Ten participants (2891, 2892, 2893, 2895, 
2887, 2885, 2901, 2912, 2900, and 2914) 
formed both linked perceptual classes in 
Phase 4. The data for each participant are 
presented on separate rows in Figures 5 and 6. 
The left and right panels display the results for 
linked perceptual classes 1 and 2, respectively. 
In each panel, the 18 cross-class probes are 
listed from left to right along the abscissa in 
the sequence that corresponds to their order 
of presentation. The dashed line at 88% 
indicates the mastery criterion. For 7 of the 


participants (2982, 2912, 2885, 2901, 2891, 
2887, and 2893), the mastery criterion was 
satisfied for all 18 cross-class probes. For the 3 
remaining participants (2895, 2900, 2914), the 
criterion was satisfied by all 18 probes in one 
class and 17 of the 18 probes in the other. For 
each of these participants, both of the linked 
perceptual classes emerged on an immediate 
basis. 

For the remaining 5 participants (2898, 
2897, 2911, 2896, and 2913), at least one 
linked perceptual class was formed in Phase 5. 
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Table 3 

Frequency of errors occasioned by each cross-class probe during the initial test for the 
emergence of linked perceptual classes. Probe types are listed from left to right in their order 
of presentation. 







A'- 

-B' 









B'-A' 







aa 

ma 

ba 

am 

mm 

bm 

ab 

mb 

bb 

aa 

ma 

ba 

am 

mm 
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ab 

mb 
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Participant 

Class 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

2898 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

0 

0 

2898 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

0 

0 

2897 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

2911 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

2896 

1 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

2913 

2 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total 


0 

0 

0 

1 

1 

2 

1 

1 

1 

0 

3 

3 

0 

1 

2 

2 

1 

2 


Their data are presented in Figures 7 and 8. 
For each participant, the data from Phase 5 are 
presented in the lower panel. Since the probes 
that did not meet the mastery criterion in 
Phase 4 were the only ones presented in Phase 
5, the lower panels show those probes only. 
For 4 of the 5 participants (2897, 2911, 2896, 
and 2913), the mastery criterion was satisfied 
for 17 of the 18 probes in one class during 
Phase 4. Between 2 and 6 of the probes in tbe 
other class did not satisfy the mastery criterion 
in Phase 4 but did so in Phase 5. In the case of 
the remaining participant (2898), 3 of the 18 
probes in each class did not meet the mastery 
criterion in Phase 4 but all reached the 
criterion in Phase 5. These results demonstrat- 
ed the delayed emergence of linked perceptu- 
al classes. 

Errors during the delayed emergence of linked 
perceptual classes. Figures 7 and 8 showed that 
different types of errors occurred in Phase 4 
during the delayed emergence of the linked 
perceptual classes. For Participants 2898, 2897, 
and 2911, there was only one type of error. For 
Participants 2898 and 2897, the errors involved 
the selection of the NEITHER comparison. 
Eor Participant 2911, they involved the selec- 
tion of the comparisons from the perceptual 
class opposite that of the sample. Eor Partic- 
ipant 2896, all of the errors were of this latter 
type except for the bm and ba probes, where 
the NEITHER comparison was selected on one 
of the eight trials for each probe. The pattern 
of errors for Participant 2913 was the most 
complex, as indicated in figure 8. Overall, the 
errors were essentially evenly distributed across 
the probe types (see Table 3). 


Discrimination Training 

In Phase 6 participants in Group Aa were 
trained to respond differentially to the Ala 
and A2a stimuli, and participants in Group Ba 
were trained to respond differentially to the 
Bla and B2a stimuli. Performance that satis- 
fied the mastery criterion was achieved in an 
average of 3.0 and 1.9 blocks, respectively. 
Tbus, the acquisition of both discriminations 
was rapid. Maintenance of the Aa and Ba 
discriminations during feedback reduction 
from 75% to 0% occurred in an average of 
3.3 and 4.0 blocks, respectively. Tbe results of 
a t-test confirmed that there was no significant 
difference in the number of blocks needed to 
initially acquire and then maintain the Aa or 
Ba discriminations in the absence of feedback, 
t(13) = 0.52, p = 0.61. 

Generalization 

Generalization of stimulus control to the 
members of the linked perceptual classes was 
assessed in Phase 7. The results are presented 
in figure 9 for participants in Group Aa and in 
figure 10 for participants in Group Ba. The 
data for each participant are presented in 
separate sections of each figure, bordered by 
tbe thick, solid lines. In each section, the top 
and bottom panels depict the generalization 
data for Linked Perceptual Glasses 1 and 2, 
respectively. The abscissa lists tbe anchor, 
midpoint, and boundary stimuli for botb of 
tbe linked perceptual classes, while the ordi- 
nate displays the percentage of trials on which 
the differential response (ER-3 or FR-7) 
occurred. The stimuli used in training are 
designated with the large black dot. In general. 
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Fig. 9. Results from Phase 7 that depict the generalization of responding for participants in Group Aa. The data for 
each participant are presented in two panels. The upper panel indicates the likelihood of making the same response 
trained to the Aa stimulus in linked perceptual class 1 (during Phase 6) to the anchor, midpoint, and boundary stimuli in 
both linked perceptual classes. The lower panel indicates the likelihood of making the response trained to the Aa 
stimulus in linked perceptual class 2 (during Phase 6) to the anchor, midpoint, and boundary stimuli in both linked 
perceptual classes. The figure also shows the distribution of two types of errors that occurred during the generalization 
testing in Phase 7 (see text for details). There is no designation for the cross-class errors as they did not occur. 
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Fig. 10. Results from Phase 7 that depict the generalization of responding for participants in Group Ba. The data for 
each participant are presented in two panels. The upper panel indicates the likelihood of making the same response 
trained to the Ba stimulus in linked perceptual class 1 (during Phase 6) to the anchor, midpoint, and boundary stimuli in 
both linked perceptual classes. The lower panel indicates the likelihood of making the response trained to the Ba 
stimulus in linked perceptual class 2 (during Phase 6) to the anchor, midpoint, and boundary stimuli in both linked 
perceptual classes. The figure also shows the distribution of three types of errors that occurred during the generalization 
testing in Phase 7 (see text for details). 
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Table 4 

Accuracy of response to each type of cross-class probe during the maintenance test for linked 
perceptual classes by group, participant, and class. Percentages less than 88 appear on a 
gray background. 
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the data 

in Figures 9 and 

10 show nearly 2885 in 

Figure 

9) or there were 

weaker 


complete generalization of responding among 
the stimuli in a linked perceptual class and 
essentially complete discrimination between 
the different linked perceptual classes. Thus, 
each linked perceptual class acted as a 
function-transfer network. 

For Participant 2891 (see Figure 9), the FR-3 
response trained to the Aa stimulus in Linked 
Perceptual Class 1 was evoked on all trials for 
the stimuli in that class and never occurred to 


discriminations between the linked perceptual 
classes (see the results for Participant 2914 in 
Figure 10). 

Generalization error analysis. Of the 1,440 
stimuli presented in the generalization test in 
Phase 7, incorrect responses occurred to only 
48 stimuli. For 13 of them, stimuli from one 
linked perceptual class evoked the response 
that had been trained to occur in the presence 
of a stimulus from the other linked perceptual 


the stimuli in Linked Perceptual Class 2. 
Likewise, the FR-7 response trained to the Aa 
stimulus in Linked Perceptual Class 2 was 
evoked on all trials for the stimuli in that class 
and never occurred to the stimuli in Linked 
Perceptual Class 1. These data demonstrate 
the strongest possible outcome. 

In a few cases, however, weaker generaliza- 
tion occurred among the stimuli in a linked 
perceptual class (see the results for Participant 


class and were referred to as a cross-class error. 
Errors of this type were distributed among the 
stimuli in both classes and across participants. 

Twenty-five other stimuli produced a num- 
ber of presses of the J key that exceeded the 
respective FR requirement by one. These 
errors were referred to as “typographical” 
and were distributed across the stimuli in a 
perceptual class, across classes, and across 
participants. The remaining seven errors could 
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Table 4 
(Extended) 
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not be classified as cross-class or typographical 
and were referred to as “ambiguous errors.” 
Figures 9 and 10 depict the incidence of the 
types of errors that were produced by the 
stimuli. 

Maintenance of Linked Perceptual Classes 

The experiment ended with an assessment 
of the maintenance of the linked perceptual 
classes following the generalization tests con- 
ducted in Phase 7. The results appear in 
Table 4. The maintenance test was a replica- 
tion of the initial cross-class test used in Phase 
2. The performances of the participants met 
the mastery criterion in almost all instances. 
For 4 participants (2891, 2887, 2900, and 
2901), where performance failed to meet the 
criterion, the failure occurred for only one 
probe stimulus. These stimuli were different 
for each participant and, in each case, pro- 
duced correct performance in 75% of the 


trials. For a 5th participant (2885), there were 
five probes where performance failed to satisfy 
the mastery criterion. In three cases, perfor- 
mance was at 75%; in the other two it was 
lower. In general, then, generalization testing 
did not disrupt the linked perceptual classes. 

The emergence of linked perceptual classes 
was followed by generalization tests that 
evaluated whether each linked perceptual class 
also acted as a functional class. The results of 
those tests, however, demonstrated that such a 
development was not inevitable, as witnessed 
by the data presented in Figure 11 for Partic- 
ipant 2885. The panels in this figure depict the 
results of the generalization test and the 
maintenance test for each linked perceptual 
class. Different results were obtained in each 
class. 

Linked Perceptual Class 1 was intact before 
and after the generalization test. The latter 
test, however, showed relatively poor general- 
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Fig. 11. Immediate emergence of linked perceptual classes and response transfer among the stimuli in each linked 
perceptual class for Participant 2885. The two upper panels are replicas of data shown in Figure 5 and show 
performances occasioned hy cross- class prohes during the initial test for class formation. The two lower panels are 
replicas of data shown in Figure 9 and show evocation of the response trained to one class member by the anchor, 
midpoint and boundary stimuli of both linked perceptual classes. 


ization among stimuli in the class and poor 
discrimination between classes. In contrast, 
the generalization test for Linked Perceptual 
Class 2 showed strong generalization among 
stimuli in the class and strong discrimination 
between classes, but those performances were 
followed by a substantial breakdown of the 
linked perceptual class in Phase 8. Thus, the 
fact that a set of stimuli acts as a linked 
perceptual class does not necessarily imply that 
the stimuli will also act as a members of a 
functional class, and vice versa. The variables 
responsible for this dissociation of class and 
function transfer are yet to be determined. 


DISCUSSION 

Fields et al. (2007) explored the effects of 
different training conditions on the immedi- 
ate emergence of linked perceptual classes. 
The establishment of Aa^Bb relations be- 
tween the A' and B' perceptual classes was the 
most effective training condition; the condi- 
tion resulted in the immediate emergence of 
linked perceptual classes in about 70% of 
participants. Fields et al. (2005) explored the 
effects of different testing procedures on the 
formation of linked perceptual classes. The 
18/1-PRGM testing protocol was the most 
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effective, producing class formation in 88% of 
participants without the need for reexposure 
to training. The present experiment combined 
the training and testing procedures previously 
identified as most effective. In cases where 
linked perceptual classes failed to form on the 
first exposure to the training procedure, 
participants were reexposed to the problemat- 
ic cross-class probe stimuli. Two-thirds of the 
participants satisfied the mastery criterion for 
linked perceptual class formation during the 
initial testing phase (Phase 4). For the 
remainder, classes were formed in the subse- 
quent reexposure phase (Phase 5). Thus, the 
combination of Aa-^Bb training, the 18/ 
IPRGM testing protocol, and reexposure to 
problematic test stimuli was successful in 
promoting the formation of linked perceptual 
classes by all participants. 

While tracking the emergence of linked 
perceptual classes. Fields et al. (2007) found 
that errors usually were occasioned by the 
probes that were presented early in the 
sequence of test blocks. This finding suggested 
that linked perceptual classes emerged in a 
gradual rather than all-or-none fashion. That 
possibility was not evaluated, however, as 
participants were not reexposed to the error- 
producing probes at the end of the testing 
sequence. The present experiment included 
reexposure. In virtually all cases, reexposure to 
the probes that originally produced errors 
subsequently resulted in mastery-level re- 
sponding. This finding confirmed that the 
formation of linked perceptual classes can 
occur gradually as well as immediately. 

In the present experiment each of the 15 
participants formed two linked perceptual 
classes. For 10 of the participants, both classes 
emerged on an immediate basis, four showed 
the immediate emergence of one class and the 
gradual emergence of the other, and one 
showed the gradual emergence of both classes. 
When individual linked perceptual classes were 
considered, 24 classes emerged on an immedi- 
ate basis and 6 classes on a gradual basis. 
Additional research is needed to identify the 
factors that determine immediate and gradual 
emergence of linked perceptual classes. 

The sample stimuli used in the discrimina- 
tion training in Phase 6 were the anchor 
stimuli from the perceptual classes in the A 
Domain (Group Aa) or the anchor stimuli 
from the perceptual classes in the B Domain 


(Group Ba). Although the Aa and Ba stimuli 
occupied very different positions in the linked 
perceptual classes, generalization in each of 
them was strong across most of the stimuli in a 
class. Thus, linked perceptual classes act as 
function-transfer networks. 

Function transfer is an important property 
of a stimulus class: individuals respond appro- 
priately to new stimuli without direct training. 
Function-transfer networks include perceptual 
classes, equivalence classes, and minimally 
elaborated generalized equivalence classes. 
The present results support the inclusion of 
linked perceptual classes in that list. 

In real-world settings, response and stimulus 
functions acquired by one class member 
generalize to the other members of the same 
class. Previous research with equivalence clas- 
ses has shown these functions to include: 
(a) response topography (Barnes, Browne, 
Smeets, & Roche, 1995; Barnes-FIolmes, 
Keane, & Barnes-Holmes, 2000; Fields, New- 
man, Adams, & Verhave, 1992; Rehfeldt & 
Hayes, 1998; Sidman & Cresson, 1973; Sidman 
et al., 1989); (b) discriminated avoidance 
behavior (Augustson & Dougher, 1997); (c) 
the acquisition and extinction of classically 
conditioned emotional behavior (Dougher, 
Augustson, Markham, Greenway, & Wulfert, 
1994; Green, Sigurdardottir, & Saunders, 
1991; Roche & Barnes, 1996, 1997); (d) 
approach and avoidance (Hayes, Kohlenberg, 
& Hayes, 1991); and (e) discriminative (S'* and 
S'^) functions (de Rose, Mcllvane, Dube, 
Galpin, & Stoddard, 1988). In addition, 
generalization of function has also been 
demonstrated among the stimuli in minimally 
elaborated generalized equivalence classes 
(Belanich & Fields, 2003). The present study 
demonstrated the generalization of one of 
these functions, namely, the discriminative 
function acquired by one of the stimuli in a 
linked perceptual class. Future research will be 
needed to determine whether additional 
functions will transfer among the stimuli in a 
linked perceptual class. Finally, the results of 
the present study further strengthen accounts 
of the development of complex behavioral 
repertories that are based on the formation 
of complex stimulus classes (Critchfield & 
Fienup, 2008; Dymond & Rehfeldt, 2000; 
Fields & Moss, 2008; Hayes, et al., 2001; Leslie, 
2002; Mackay & Fields, in press; Sidman, 1994, 
2000; Tonneau, 2001). 
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